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(57) Agascoolingtype vacuum heat-treating furnace 
according to the present invention, includes a gas cooling 
furnace comprising a cooling chamber in which an article 
to be heat-treated is station arily set, and defining therein 
a gas passage in a vertical direction, a gas cooling and 
circulating device for cooling and circulating gas flowing 



in the cooling chamber, a gas direction switching device 
for alternately changing over directions of gas vertically 
passing through the cooling chamber, and upper and low- 
er straighteners blocking upper and lower ends of the 
cooling chamber, for causing a velocity distribution of the 
gas to be uniform. 
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Description 

BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

[0001] The present invention relates to a gas cooling 
type vacuum heat treating furnace and a cooling gas di- 
rection switching device therefor. 

Description of the Related Art 

[0002] A vacuum heat treating furnace is the one in 
which inert gas or the like is refilled after depressurization 
therein in order to carry out heat-treatment of an article. 
Since the vacuum heat treating furnace may completely 
remove moisture or the like sticking to the interior of the 
furnace and to the treated article after heating, by de- 
pressurizing again the furnace after evaporation of the 
moisture or the like, and refilling the inert gas or the like 
thereinto, there may be exhibited such an merit that 
heat-treatment may be made without coloring by mois- 
ture (the so-called bright heat-treatment). 
[0003] Further, a gas cooling type vacuum heat treat- 
ing furnace may exhibit various merits such as capability 
of performing bright heat-treatment, causing no decar- 
bonization, carburization and less deformation, and ef- 
fecting a satisfactory working environment. However, a 
primary stage gas cooling type vacuum heat treating fur- 
nace was of a depressurizing and cooling type, and ac- 
cordingly, its cooling speed was not sufficiently high so 
as to be disadvantageous. Thus, in order to increase the 
cooling speed, a high speed circulation gas cooling type 
one has been materialized. 

[0004] Referring to Fig. 1 which shows a configuration 
of a high speed circulation gas cooling furnace disclosed 
in a non-patent document 1 , there are shown a heat-in- 
sulating member 50, a heater 51 , an effective operation 
zone 52, afurnace body 53 with a waterjacket, a heat-ex- 
changer 54, a turbo-fan 55, a fan motor 56, a cooling 
door 57, a hearth 58, a gas distributor 59, a damper 60 
for switching flowing directions (air flow passage) of cool- 
ing gas. 

[0005] Further, "Method of Promoting Gas Circulation 
Cooling in a Vacuum Furnace" (patent document 1), dis- 
closes a vacuum furnace comprising a heating chamber 
66 surrounded by heat insulation walls 67 within a 
gas-tight vacuum vessel 61 , as shown in Fig. 2, a heater 
72 located in the heating chamber, for heating, under 
vacuum, an article 64 to be heated, and a cooler 62 and 
a fan 63 which are provided in the vacuum vessel 61 , for 
cooling unoxidized gas fed into the vacuum vessel by the 
cooler 62 and then circulating the unoxidized gas in the 
heating chamber 66 through openings 68, 69 formed in 
the surfaces of those of the heat insulation walls 67 of 
the heating chamber 66 which are opposed to each other, 
by rotating the fan 63 in order to cool the article 64 to be 
heated under forced gas circulation, wherein a heat-re- 



sistant cylindrical hood 65 which is diverged at least at 
one end thereof, is arranged so as to surround the cir- 
cumference of the article 64 to be heated which is located 
in the heating chamber 66, with a suitable space there- 
5 between while opposite ends of the cylindrical hood 68 
are opposed respectively to the openings 68, 69 in order 
to circulate the unoxidized gas through the heating cham- 
ber 66. Further, there is shown, in Fig. 2, a damper 40 
for switching the flowing directions of the cooling gas. 

10 

[Non-patent document 1] 

[0006] "Vacuum Heat Treatmentfor Metal Material (2)" 
authored by Katsuhiro Yamazaki, Heat-Treatment Vol. 
15 30 No. 2, April in 1990 

[Patent document 1] 

[0007] Japanese Patent Laid-Open NO. 5-230528 
20 [0008] The highspeed circulation gas coo ling furnaces 
disclosed in the non-patent document 1 and the patent 
document 1 have raised the following problems since the 
heating and cooling have been carried out at one and 
the same position: 

25 

(1) The heater and the furnace body which are at a 
high temperature after completion of heating are 
both cooled simultaneously with cooling of the article 
to be heat-treated, and accordingly, high speed cool- 

30 ing for the article to be heat-treated cannot be made; 

(2) The article to be heat-treated is surrounded by 
the heater and the furnace body, and accordingly, 
cooling gas cannot be uniformly fed thereto during 
cooling; 

35 (3) Even though the gas cooling is made alternately 
upward and downward, there are no means for rec- 
tifying both upward gas and downward gas so as to 
flow in uniform directions at uniform speeds, and ac- 
cordingly, it has been difficult to reduce distortion of 

4 o an article to be heat-treated in its entirely. 

Further, in the high speed circulation gas cooling fur- 
naces as disclosed in the non-patent document 1 
and the patent document 1 as stated above, upper 
and lower damper units are in general provided as 

45 a mechanism for switching between upward and 
downward directions of gas flow (passages). How- 
ever, in the case of using the upper and lower damper 
units as a cooling gas direction change-over mech- 
anism, there have been raised the following prob- 

50 lems: 

(4) The damper units cause considerable variation 
in load exerted by a pressure of gas flowing at a high 
speed, depending upon an open and a close position 
thereof. Thus, in the case of high pressure gas, it is 

55 difficult due to affection by the pressure of air to 
smoothly operate such a damper system. 

(5) The damper units have an opening area which 
is not proportional to an opening angle. Thus, upon 
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switching of a plurality of upper and lower drive de- 
vices, it is difficult to balances opening areas in order, 
resulting in a difference in opening area between a 
suction port and a discharge port and considerable 
variation in the difference, and accordingly, the quan- 
tity of cooling gas varies so as to cause stable gas 
cooling to be difficult. 

(6) There are presented a plurality of upper and lower 
damper units, and accordingly, a plurality of drive 
devices therefor are required, resulting in a compli- 
cated configuration. 

(7) The opening areas are limited by the upper and 
lower dampers so as to be small in comparison with 
the interior surface of the furnace. 

Summary of the Invention 

[0009] The present invention is devised in order to 
solve the above-mentioned problems, and accordingly, 
a first object of the present invention is to provide a gas 
cooling type vacuum heat treating furnace which can cool 
an article to be heat-treated upon cooling at a high speed 
in a uniform supply of cooling gas to the article in its en- 
tirety, and which can also straighten both upward and 
downward cooling gases at a uniform speed in uniform 
directions so as to reduce distortion of the article in its 
entirety. 

[001 0] Further, a second object of the present inven- 
tion is to provided a cooling gas direction switching device 
in a gas cooling type vacuum heat treating furnace, which 
may smoothly switch flowing directions (passages) of gas 
with substantially no affection by a pressure of the gas, 
which may carry out stable gas cooling with substantially 
no variation in opening area and no difference in opening 
area between a suction port and a discharge port, which 
may have a simple configuration so as to be driven by a 
single drive unit, and which can ensure a large opening 
area. 

[0011] In orderto achieve the first object of the present 
invention, according to a first aspect of the present in- 
vention, a gas cooling type vacuum heat-treating furnace 
incorporating a gas cooling furnace for cooling an article 
which has been heated, with circulation gas, character- 
ized in that the above-mentioned gas cooling furnace 
comprises a cooling chambersurrounding a cooling zone 
in which the article to be heat-treated is stationarily set, 
and defining therein a gas passage having a uniform 
cross-sectional area in a vertical direction, a gas cooling 
and circulating device for cooling gas passing the cooling 
chamber in the vertical direction, and circulating the gas, 
a gas direction switching device for alternately switching 
directions of gas flowing vertically, and upper and lower 
straighteners which block an upper end and a lower end 
of the cooling chamber so as to obtain a uniform velocity 
distribution of the gas passing therethrough. 
[0012] With the first aspect of the present invention in 
which the upper and lower straighteners block the upper 
end and the lower end of the cooling chamber so as to 



obtain an uniform velocity distribution of gas passing 
th ereth ro u h , it is possib le to m i n imize variation in the flow- 
ing velocity of the gas passing through the cooling zone, 
and accordingly, the cooling gas may be blown onto the 

5 article with less turbulence. Further, since the cooling 
gas may be uniformly discharged through an outlet open- 
ing after the gas passed through the article, there may 
be exhibited such an enforcement that the cooling gas 
is uniformly led through the center part of the article, 

10 thereby it is possible to reduce distortion of the article to 
be treated as a whole. 

[0013] According to a second aspect of the present 
invention, in the configuration of the first aspect of the 
present invention, each of the upper and lower straight- 
's eners comprise an uniform distribution part and a 
straightening part which are stacked one upon another, 
or incorporate functions of both uniform distribution part 
and straightening part, the uniform distribution part incor- 
porating a plurality of pressure loss inducing means 
20 which are arranged in a direction orthogonal to a flowing 
direction of upward gas, for applying a flow resistance 
so as to cause the upward gas to have a pressure loss 
factor of not less than 0.1 in order to aim at uniformly 
distributing the flowing velocity of the upward gas, and 
25 the straightening part incorporating a plurality of straight- 
ening grids for straightening the flowing direction of the 
upward gas having passed through the uniform distribu- 
tion part. 

[0014] With the configuration of the second aspect of 

30 the present invention, the plurality of pressure loss in- 
ducing means cause the distribution of the flowing veloc- 
ity to be uniform, and the plurality of straightening grids 
cause the flowing direction of the gas to be uniform. 
[0015] According to the third aspect of the present in- 

35 vention, which is a preferred embodiment of the first as- 
pect of the present invention, auxiliary distribution mech- 
anisms for guiding the flowing direction of the gas flowing 
into and out from the cooling chamber are provided in 
the upper and lower parts of the cooling chamber. 

*o [0016] With the configuration of the third aspect of the 
present invention in which the auxiliary distribution mech- 
anisms (for example, blow-in vanes), the flowing direc- 
tions of the gas directed to a plurality of positions are 
optimized even though the upper and lower areas of the 

«f cooling chamber are large, thereby it is possible to en- 
hance the uniformity of the flow. 

[0017] According to the fourth aspect of the present 
invention, which is a preferred embodiment of the first 
aspect of the present invention, the gas cooling and cir- 
>o culating device comprises a cooling fan arranged adja- 
cent to the cooling chamber, forsucking and pressurizing 
gas which has passed through the cooling chamber and 
a heat-exchanger for indirectly cooling the gas which is 
sucked into the cooling fan, and the gas direction switch- 
es ing device comprises a hollow cowling surrounding the 
heat-exchanger and spaced therefrom, and a lift cylinder 
for moving the cowling up and down, the cowling having 
a lowersuction port which is communicated with the lower 
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part of the cooling chamber at its downward position, and 
an upper suction port which is communicated with the 
upper part of the cooling chamber at its upward position. 
[0018] With the configuration of the fourth aspect of 
the present invention in which the lower suction port and 
the uppersuction port are alternately communicated with 
the suction side of the cooling fan by means of the gas 
direction switching device, the flowing directions of the 
gas passing through the cooling chamber in the vertical 
direction may be alternately switched. Due to the switch- 
ing, the difference in cooling speeds depending upon po- 
sitions of articles to be cooled which are arranged in or- 
der, may be reduced, thereby it is possible to reduce 
distortions of the article in its entirety. 
[0019] In order to achieve a second object of the 
present invention, according to a fifth aspect of the 
present invention, there is provided a cooling gas direc- 
tion switching device for a gas cooling type vacuum heat 
treating furnace comprising a cooling chamber surround- 
ing a cooling zone in which an article to be heat-treated 
is stationarily set and a gas cooling and circulating device, 
for cooling an article which has been heated, with pres- 
surized circulation gas, characterized by astationary par- 
tition plate partitioning between the cooling chamber and 
the gas cooling and circulating device, a rotary partition 
plate adapted to be rotated along an outer surface of the 
stationary partition plate, the stationary partition plate 
having an opening piercing through the partition plate 
over a substantially entire surface thereof, the rotary par- 
tition plate having a suction opening and a discharge 
opening partly communicated with a suction port and a 
discharge port of the gas cooling circulation device, and 
characterized in that flowing directions of cooling gas 
passing through the cooling chamber are alternately 
changed over. 

[0020] With the configuration of the fifth aspect of the 
present invention which only has the rotary partition plate 
rotated along the outer surface of the stationary partition 
plate that partitions between the cooling chamber and 
the gas cooling and circulating device, since the flowing 
directions of the gas passing through the cooling cham- 
ber may be alternately switched and since the rotary par- 
tition plate is rotated perpendicular to the flowing direc- 
tion, the air passages may be smoothly switched without 
less affection by air pressure even though high pressure 
gas (high density gas medium) is used. 
[0021] Further, since the rotary partition plate has the 
suction opening and the discharge opening which are 
partly communicated with the suction port and the dis- 
charge port of the gas cooling and circulating device, 
variation in opening area and difference in opening area 
between the suction port and the discharge port can h ard- 
ly occur, and stable gas cooling may be made. Further, 
since the configuration is simple, the switching may be 
made by a single drive device, and further, a large open- 
ing area may be ensured. 

[0022] According to a sixth aspect of the present in- 
vention, which is a preferred embodiment of the fifth em- 



bodiment of the present invention, the cooling . chamber 
has a gas passage extending therethrough in a vertical 
direction, and an opening position is set such that the 
suction opening is communicated only withy the lower 

5 part of the cooling chamber while the discharge opening 
is communicated only with the upper part of the cooling 
chamber when the gas flows downward in the cooling 
chamber, but the suction opening is communicated only 
with the upper part of the cooling chamber while the dis- 

10 charge opening is communicated only with the lower part 
of the cooling chamber when the gas flows upward in the 
cooling chamber. 

[0023] With the configuration of the sixth aspect of the 
present invention, of an interior surface A of the furnace 
is body which partitions between the cooling chamber and 
the gas cooling circulation device, halves are allocated 
respectively to the suction port and the discharge port of 
the gas cooling circulation device, and further, haves of 
each of the suction port and the discharge port are allo- 
cs cated respectively to an upper part and a lower part, 
thereby the suction opening and the discharge opening 
may be set to about quarters of the interior area A of the 
furnace body, respectively. Accordingly, the air passage 
may have a large area in comparison with the conven- 
es tional one, thereby it is possible to reduce the flowing 
velocity of the gas passing through the cooling chamber, 
resulting in decreased pressure loss. 
[0024] Further, since a inside area in the gas cooling 
furnace is communicated with the suction port of the gas 
30 cooling circulation device between the stationary parti- 
tion plate and the gas cooling and circulating device while 
only the outside area in the gas cooling furnace is com- 
municated with the discharge port of the gas cooling and 
circulating device, with a sufficient large gap between the 
35 discharge port and the suction port, the gas may flow 
around onto opposite surfaces even though the opening 
Is made only by a half area, thereby it is possible to ef- 
fectively use the heat-exchanger in its entirety. 
[0025] According to a seventh aspect of the present 
40 invention, which is a preferred embodiment of the fifth 
embodiment of the present invention, an opening position 
is set such that the suction opening is selectively com- 
municated with the lower part or the upper part of the 
cooling chamber while the discharge port is selectively 
45 communicated with the upper part or the lower part of 
thecooling chamber when the gas flows upward or down- 
ward in the cooling chamber, and the suction opening is 
selectively communicated with only one of opposite sides 
of the cooling chamber while the discharge opening is 
so selectively communicated with only the other one of the 
opposite sides of the cooling chamberwhen the gas flows 
in a horizontal direction in the cooling chamber. 
[0026] With the configuration of the seventh aspect of 
the present invention, with only the provision of the rotary 
55 partition plate which is rotated along the outer surface of 
the stationary partition plate partitioning between the 
cooling chamber and the gas cooling circulation device, 
theflow of the gas passing through the cooling chamber 
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may be optionally switched between the upward and 
downward directions and between the leftward and right- 
ward directions. 

[0027] According to an eighth aspect of the present 
invention, which is a preferred embodiment of the fifth 
aspect of the present invention, the gas cooling and cir- 
culating device is composed of a cooling fan arranged 
adjacent to the cooling chamber, for sucking and pres- 
surizing the gas having passed through the cooling 
chamber, and a heat-exchangerfor indirectly cooling the 
gas discharged from the cooling fan. 
[0028] With the configuration of the eighth aspect of 
the. present invention in which between the stationary 
partition plate and the gas cooling and circulating device, 
the inside area in the gas cooling furnace is communi- 
cated with the suction port of the gas cooling and circu- 
lating device while only the outside area in the gas cooling 
furnace is communicated with the discharge port of the 
gas cooling and circulating device, a sufficient gap is tak- 
en between the discharge port and the suction port so 
that the gas may flow around onto the opposite surfaces 
although the opening is made in only a half area, thereby 
it is possible to effectively use the heat-exchanger in its 
entirety. 

[0029] Otherobjectsandfeaturesofthepresentinven- 
tton will be apparent when the following explanation will 
be read with reference to the accompanying drawings. 

Brief Description of the Invention 
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Description of Preferred Embodiment of the Invention 



[0031] Explanation will be hereinbelow made of pre- 
ferred embodiments of the present invention with refer- 

5 ence to the accompanying drawings. It is noted that like 
reference numerals are used to denote like parts through- 
outthe drawings in orderto avoid duplicative explanation. 
[0032] Referring to Fig. 3 which shows an entire con- 
figuration of a gas cooling type vacuum heat treating fur- 

10 nace according to the present invention, the vacuum heat 
treating furnace according to the present invention is of 
a multiple chamber type, and incorporates a vacuum 
heating furnace 1 0, a gas cooling furnace 20 and a shifter 
30. 

15 [0033] The vacuum heating furnace 1 0 has a function 
of depressurizing an article 1 to be heat-treated, there- 
after recharging inert gas or the like and heating the ar- 
ticle 1 to be heat-treated. The gas cooling furnace 20 has 
a function of cooling the thus heated article 1 to be 

20 heat-treated with pressurized circulation gas 2. The shift- 
er 30 has a function of shifting the article to be heat-treat- 
ed between the vacuum heating furnace 1 0 and the gas 
cooling furnace 20. It is noted that the present invention 
should not be limited to the multi-chambertypeheattreat- 

25 ing furnace, but it may be applied to a single chamber 
furnace in which vacuum heating and gas cooling, are 
both carried out in a single chamber. 
[0034] The vacuum heating furnace 10 comprises a 
vacuum vessel 1 1 adapted to be vacuum-evacuated, a 

30 heating chamber 12 set therein with the article 1 to be 
heat-treated, a front door 13 through which the article 1 
to be heat-treated is taken into and out, a rear door 14 
for closing an opening through which the article 1 to be 
heat-treated in the heating chamber is shifted, a carriage 

35 1 5 for carrying thereon the article 1 , so as to be horizon- 
tally movable, a heater 16 for heating the article 1, and 
the like. With this configuration, the inside of the vacuum 
vessel 1 1 may be depressurized into vacuum, and the 
article 1 may be heated up to a predetermined temper- 

4 o ature. 

[0035] The shifter 30 is composed of a transfer rod 32 
for shifting the article 1 between the vacuum heating fur- 
nace 1 0 and the gas cooling furnace 20, a rear door el- 
evating device 33 for moving up and down the rear door 

45 14 which is therefore opened and closed, and an inter- 
mediate door elevating device 34 for elevating an inter- 
mediate heat-insulation door 21 a of the gas cooling fur- 
nace 20, which is therefore opened and closed. In this 
example, although the transfer rod 32 is driven through 

so a pinion and a rack, and the rear door elevating device 
33 is a direct-acting cylinder while the intermediate door 
elevating device 34 is a winch, the present invention 
should not be limited to this configuration, but other drive 
mechanisms may be also used. With this configuration, 

55 in a condition in which the rear door 14, the front door 13 
and the intermediate heat-insulation door 21a are 
opened, the article 1 to be heat-treated may be horizon- 
tally shifted by the transfer rod 32 between the vacuum 



[0030] 

Fig. 1 is a view illustrating a configuration of a high 
speed circulation gas cooling furnace disclosed in 
the non-patent document 1 ; 

Fig. 2 is a view illustrating a configuration in a method 
of promoting gas circulation and cooling disclosed 
in the patent document 1 ; 

Fig. 3 is a view illustrating an entire configuration of 
a gas cooling type vacuum heat-treating furnace in 
an embodiment of the present invention; 
Fig. 4 is a partly enlarged view of Fig. 3; 
Fig. 5 is a sectional view along line A-A in Fig. 4; 
Fig. 6 is a view illustrating an overall configuration 
of a vacuum heat treating furnace incorporated a 
cooling gas direction switching device in an embod- 
iment of the present invention; 
Fig. 7 is a partly enlarged view of Fig. 6; 
Fig. 8 is a partly enlarged view illustrating a portion 
B in Fig. 7; 

Figs. 9A and 9B are sectional views along line C-C 
in fig. 7; 

Figs. 1 0A and 1 0B are sectional views, similar to Fig. 
9, illustrating acooling gas direction switching device 
in a second embodiment of the present invention. 
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heating furnace 1 0 and the gas cooling furnace 20. 
[0036] Fig. 4 is a partly enlarged view of Fig. 3, and 
Fig. 5 is a sectional view along line A-A in Fig. 4. As 
shown in Figs. 3 to 5, the gas cooling furnace 20 incor- 
porates a vacuum vessel 21, a cooling chamber 22, a 
gas cooling and circulating device 21 and a gas direction 
switching device 26 and straighteners 28. 
[0037] The vacuum vessel 21 is composed of the in- 
termediate heat insulatidn door 21 a which is provided 
being opposed to the front door 1 3 of the vacuum heating 
furnace 1 0, a cylindrical vessel barrel portion 21 b for re- 
ceiving therein the article 1 , a circulating portion 21 c for 
accommodating therein the gas cooling circulation de- 
vice 24, and clutch rings 21 d, 21 e which may be opened 
and closed in a gas-tight manner. With this configuration, 
by opening the clutch ring 21 e so as to retract the vessel 
barrel portion 21 b rightward as viewed in Fig. 3, the article 
1 to be heat-treated may be directly set in the vessel 
barrel portion 21b. Further, the intermediate insulation 
door 21 a and the circulating portion 21 c are coupled to 
the vessel barrel portion 21b in a gas-tight manner by 
means of the clutch rings 21 d, 21 e, and pressurized cool- 
ing gas (argon, helium, nitrogen, hydrogen or the like) is 
fed into the vessel barrel portion 21b, thereby it is possible 
to use the pressurized gas for cooling. 
[0038] The cooling chamber 22 is provided in the cent- 
er part of the vessel barrel portion 21 b, adjacent to the 
vacuum heating furnace 10. The cooling chamber 22 is 
partitioned on the vacuum heating furnace side by the 
intermediate insulation door 21a, on the gas cooling. cir- 
culation device side and at opposite side surfaces by 
heat insulation walls 22a, 22b which are gas-tight. Fur- 
ther, the cooling chamber 22 is opened at upper and low- 
er ends, and defines therein a gas passage having a 
uniform cross-sectional area, in a vertical direction. Fur- 
ther, the cooling chamber 22 defines therein a cooling 
zone, and the article 1 which is a small-sized metal com- 
ponent such as a gear, a shaft, a blade or a vane of a jet 
engine or a bolt, is set in a tray or a basket, and is then 
located stationarily on a carriage 23 which is located in 
the center part of the cooling chamber 22 and which is 
gas-permeable. 

[0039] The carriage 23 is located at the same height 
as that of the carriage 15 in the vacuum heating furnace 
1 0, and may freely move on rollers incorporated therein. 
Further, horizontal partition plates 22c are provided be- 
tween the vessel barrel portion 21 b and the heat insula- 
tion wall 22b, as shown in Fig. 5, so as to partition gas 
in the upper and lower parts of the cooling chamber 22 
in a gas-tight manner: 

[0040] The gas cooling and circulating device 24 is 
composed of a cooling fan 24a located adjacent to the 
cooling chamber 22, for sucking and pressurizing gas 
having passed through the cooling chamber 22, and a 
heat-exchanger 25 for indirectly cooling the gas sucked 
into the cooling fan 24a. The cooling fan 24a is rotated 
by a cooling fan motor 24b attached to the circulating 
portion 21 c of the vacuum vessel 21 , sucking the gas in 



its center part and discharging the gas from its outer pe- 
ripheral part. The heat-exchanger 25 is composed of, for 
example, cooling fin tubes which are interiorly wa- 
ter-cooled. With this configuration, the circulation gas 
5 which has been cooled through the heat-exchanger 25 
may be sucked into the center portion of the cooling fan 
24a and the gas discharged from the outer peripheral 
part thereof and flowing through the cooling chamber 22 
in a vertical direction may be cooled and circulated. 

w [0041 ] The gas direction switching device 26, compris"- 
es, in this example, a hollow cowling 26a surrounding 
the heat-exchanger 25 with a space therebetween, and 
an elevating cylinder 27 for moving the cowling 26a up 
and down. The cowling 26a has a lower suction port 26b 

15 which is communicated with the lower part of the cooling 
chamber 22 at a downward position and an upper suction 
port 26c which is communicated with the upper part of 
the cooling chamber 22 at an upward position. 
[0042] With this configuration, the upper suction port 

20 26b and the lower suction port 26c .are alternately com- 
municated with the suction side of the cooling fan 24a so 
as to alternately switching the directions of the gas flow- 
ing through the cooling chamber 22 in vertical directions, 
and accordingly, differences in flowing velocity among 

25 positions of the articles 1 to be heated which are arranged 
in order are decreased so as to restrain distortion of the 
articles 1 to be heat-treated in its entirety. 
[0043] The upper and lower straighteners 28 are pro- 
vided at the upper and lower ends of the cooling chamber 

30 22, having a function of equalizing a velocity distribution 
of the gas passing through the cooling chamber 22. 
[0044] Each of the upper and lower rectifiers 28 is com- 
posed of a uniform distribution part28a and a straighten- 
ing part 28b which are stacked one upon another. It is 

35 noted that the straightener 28 may have both functions 
of a uniform distribution portion and a straightening por- 
tion. 

[0045] The uniform distribution part 28a comprises a 
plurality of pressure loss inducing means which are uni- 

*o formly arranged in a direction orthogonal to a gas stream 
2 (that is, a horizontal direction in this example) in order 
to exert a flow resistance which causes the gas stream 
2 to have a pressure loss coefficient of not less than 0.1 
in order to aim at uniformly distributing flow velocities. 

45 The pressure loss means are for example perforations 
so as to exert a flow resistance in order to aim at uniformly 
distributing flowing velocities. The higher the ratio of the 
flow resistance (pressure loss) with respect to the total 
pressure loss of the gas stream 2, the higher the effect 

50 of the uniform distribution, the flow resistance (pressure 
loss) of the upper and lower pressure loss inducing 
means is set to a value which is not less than a pressure 
loss coefficient 0.1 of the upward gas stream 2. 
[0046] It is noted that the relationship among a pres- 

55 sure loss coefficient a loss head h, a flowing velocity 
V and the gravitational acceleration g is exhibited by the 
following equation; 
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h = C*V 2 /(2#g) ...(1) 

[0047] The straightening part 28b is composed of, for 5 
example, a plurality of straightening grids which are ar- 
ranged in a lattice-like configuration, and which straight- 
en the flowing directions of the gas stream 2 having 
passed through the uniform distribution part 28a so as 
to equalize the directions of the gas stream. io 
[0048] With this configuration, the flowing velocity dis- 
tribution is made to be uniform by the plurality of pressure 
loss inducing means, and the flowing directions of the 
gas stream are equalized by the plurality of straightening 
grids. 15 
[0049] Further, in the gas cooling type vacuum 
heat-treating furnace according to the present invention, 
auxiliary distribution mechanisms (29) (for example, 
blow-in vanes) for guiding the direction of the gas stream 
introduced into and from the cooling chamber 22 are pro- 20 
vided above and below the cooling chamber 22, and ac- 
cordingly, even though the upper and lower areas of the 
cooling chamber are large, the directions of the gas 
stream toward a plurality of positions are optimized so 
as to enhance the uniformity of the stream. 25 
[0050] With the configuration as stated above, since 
the cooling chamber 22 is blocked at jts upper and lower 
ends with the upper and lower straighteners 28 so as to 
equalize the flowing velocity distribution of the gas pass- 
ing therethrough, variation in the flowing velocity of the 30 
gas passing through the cooling zone is restrained to a 
minimum value, thereby it is possible to blow non-turbu- 
lent cooling gas onto the article 1 to be heat-treated. The 
cooling gas may also uniformly discharged from the outlet 
portion, after passing through the article 1 to be 35 
heat-treated, and accordingly, there is exhibited such an 
enforcement that the cooling gas uniformly pass through 
the center part of the article 1 to be heat-treated, thereby 
it is possible to reduce distortion of the article 1 to be 
heat-treated in its entirety. 40 
[0051] As stated above, there may be exhibited the 
following excellent advantages: the gas cooling type vac- 
uum heat-treating furnace according to the present in- 
vention may cool the article to be heat-treated at a high 
speed during cooling so as to uniformly supply cooling 45 
gas onto the article over its entirety, and further, both 
upward and downward cooling gases may be straight- 
ened so as to have both uniform velocity and uniform 
direction in order to reduce distortion of the article. 
[0052] Fig. 6 shows an entire configuration of a vacu- so 
urn heat-treating furnace incorporating the cooling gas 
direction switching device according to a first embodi- 
ment of the present invention. The vacuum heat-treating 
furnace is of a multi-chamber type, comprising a vacuum 
heating furnace 1 0, a gas cooling furnace and a shifter 55 
30, the vacuum heating furnace 10 and the shifter 30 
have configurations similar to those shown in Fig. 3 as 
- stated above. 



[0053] Fig. 7 is a partial enlarged view of Fig. 6. Re- 
ferring to Figs. 6 and 7, the cooling furnace 20 incorpo- 
rates a vacuum vessel 21 , a cooling chamber 22, a gas 
cooling and circulating device 24, a cooling gas direction 
switching device 40, straighteners 28, and auxiliary dis- 
tribution mechanisms 29. The vacuum vessel 21, the 
cooling chamber 22, the straighteners 28 and the auxil- 
iary distribution mechanism 29 have configurations sim- 
ilar to those shown in Figs. 4 and 5 as stated above. 
[0054] The gas cooling and circulating device 24 is 
composed of a cooling fan 24a arranged adjacent to the 
cooling chamber 22, for sucking and pressurizing gas 
which has passed through the cooling chamber 22, and 
a heat-exchanger 25 for indirectly cooling the gas dis- 
charged from the cooling fan 24a. The cooling fan 24a 
is rotated by a cooling fan motor 24b attached to a circu- 
lation porition 21c of the vacuum vessel 21 , sucking the 
gas through the center part thereof and discharging the 
gas from the outer peripheral part thereof. The heat-ex- 
changer 25 is composed of, for example, cooling fin tubes 
which are interiorly water-cooled. With this configuration, 
the circulation gas discharged from the outer peripheral 
part is cooled by the heat-exchanger 25 so as to cool and 
circulate the gas passing through the cooling chamber 
in a vertical direction. 

[0055] Referring to Fig, 8 which is an enlarged view 
illustrating a part B in Fig. 7, the cooling gas direction 
switching device 40 is composed of a stationary partition 
plate 44, a rotary partition plate 44 and a rotary drive 
device 46. 

[0056] The stationary partition plate 42 partitions be- 
tween the cooling chamber 22 and the gas cooling and 
circulating device 24, and shuts off therebetween. The 
rotary partition plate 44 is rotated along the outer surface 
of the stationary partition plate 42 by the rotary drive de- 
vice 46, coaxial with the cooling fan 24 in this example. 
The rotary drive device 46 is composed at a rack and a 
pinion in this example, so as to rotate the rotary partition 
plate 44 by a half of a revolution in orderto turn the same 
upside down. The rack may be directly driven by a pneu- 
matic or hydraulic cylinder orthe like. Further, the present 
invention should not be limited to this configuration, but 
any drive device other than the above-mentioned rotary 
drive device may be used. 

[0057] The rotary partition plate 44 is provided, in its 
center part, with a bearing housing 43 incorporating 
therein a bearing 43a. The bearing housing 43 is sup- 
ported by support frams 43b from the circulation portion 
21 c of the vacuum vessel 21 . 

[0058] The rotary partition plate 44 is fixed in its center 
part to the rotary shaft 45, and is restrained by a key fitted 
in its center part from being rotated, relative to the rotary 
shaft 45. The rotary shaft 45 is supported by the bearing 
43a, coaxial with the cooling fan 24a. A compression 
spring 47 is held between an axial end (the support plate 
45a on the left end as shown in the figure), and the rotary 
partition plate 44, being compressed therebetween, so 
as to always urge the rotary partition plate 44 toward the 
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stationary plate 42 in orderto reduce a gap therebetween. 
Thus, with this additional loading its function may be en- 
hanced. 

[0059] A seal members is applied to an end surface of 
the above-mentioned horizontal partition plate 22c (Refer 
to Fig. 5) and an end surface of the stationary partition 
plate 42 for sealing a gap between the rotary partition 
plates and with respect to the rotary partition plate 44. 
The seal members 48 is made of lead brass, graphite or 
the like, which may reduce leakage and allow smooth 
motion. 

[0060] Fig. 9A and Fig. 9B are sectional view along 
line C-C in Fig.7. That is, Fig. 9A is a section view along 
fine C-C, that is a front view which shows the rotary par- 
tition plate 44, and Fig. 9 B is a section view from which 
the rotary partition plate 44 is removed, that is a front 
view which shows the stationary partition plate 42. 
[0061 ] The stationary partition plate 42 has an opening 
42a piercing therethrough, substantially over the entire 
surface thereof. That is, in this example, it is composed 
of thin radial parts 42b which are located at the same 
positions as those of the support frames 43b and which 
are extended radially, and thin ring-like circular parts 42c 
which are located at an outermost peripheral position, a 
center position and an intermediate position. It is noted, 
as shown in this figure, thatthe above-mentioned bearing 
housing 43 is attached to the center circular part 42c. It 
should be noted here that the position of the opening 42a 
is not limited to this example, but is located any position 
where it has an area as large as possible. 
[0062] The rotary partition plate 44 has a suction open- 
ing 44a and a discharge opening 44b which are partly 
communicated with a suction port and a discharge port 
of the gas cooling and circulating device. 
[0063] In the first embodiment shown in Figs. 9A and 
9b, the cooling chamber 22 has a gas passage vertically 
piercing therethrough. When the gas flows downward in 
the cooling chamber 22, the suction opening 44a is com- 
municated only with the lowerpart of the cooling chamber 
while the discharge opening 44a is communicated only 
with the upper part of the cooling chamber, but when the 
gas flows upward, the suction opening 44a is communi- 
cated only with the upper part of the cooling chamber 
while the discharge opening 44b is communicated only 
with the lower part of the cooling chamber. 
[0064] It is noted in this example thatthe suction open- 
ing 44a has a substantially half -circular shape while the 
discharge opening 44b has a substantially half-sector 
shape, and they are arranged opposite to each otherwith 
respect to a horizontal axis (the above-mentioned hori- 
zontal partition plate 22c). 

[0065] With this configuration, of a furnace body inte- 
rior area A which partitions between the cooling chamber 
22 and the gas cooling and circulating device 24, halves 
are allocated respectively to the suction port and the dis- 
charge port of the gas cooling circulation device, and 
further, halves of each of the suction port and the dis- 
charge port are allocated to upper and lower parts there- 



of, thereby it is possible to set the suction opening 44a 
and the discharge opening 44b to about a quarter of the 
furnace body interior area A. Thus, the flowing velocity 
of the gas passing therethrough maybe lowered, thereby 

5 it is possible to reduce pressure loss. 

[0066] . Further, between the stationary partition plate 
42 and the gas cooling and circulating device 24, the 
entire interior surface is communicated with the suction 
port of the gas cooling and circulating device while the 

to entire outer surface is communicated with the discharge 
port of the gas cooling and circulating device, and ac- 
cordingly, by taking a sufficient gap between the dis- 
charge portion and the suction port, the gas can flow 
around into the opposite surfaces even though it is 

15 opened by a half area, thereby it is possible to effectively 
utilize the heat-exchanger. 

[0067] With the configuration of the present invention 
as stated above, only by rotating the rotary partition plate 
along the outer surface of the stationary partition plate 

20 which partitions between the cooling chamber and the 
gas cooling and circulating device, the flowing directions 
of the gas passing through the cooling chamber may be 
alternately switched, and further, si nee the rotary partition 
plate is rotated in a direction perpendicular to the flowing 

25 directions, the flowing directions may be smoothly 
switched without less affection by gas pressure even 
though high pressure gas (gas having a high density) 
flows. 

[0068] Further, since rotary partition plate has the suc- 
30 tion opening and the discharge opening which are partly 
communicated with the suction port and the discharge 
port of the gas cooling and circulating device, variation 
in opening area and a difference in opening area between 
the suction port and the discharge port can hardly be 
35 caused, and accordingly, the gas cooling may be stably 
carried out. Further, since the configuration is simple and 
the flowing directions may be switched over only by a 
single drive unit, a large opening area may be ensured. 
[0069] It is noted that although explanation has been 
to made of the upward and downward flowing of the gas in 
the above-mentioned embodiment, the direction of the 
rotary partition plate may be turned by an Angle of 90 
deg., and the straightener in the cooling chamber may 
be attached to a side surface (left and right), so as to 
constitute a switching mechanism for leftward and right- 
ward flowing directions. 

[0070] Further, although explanation has been made 
of the heat-exchanger 25 which is arranged in the pas- 
sage between the outlet of the cooling fan 24 and the 
so stationary partition plate 42, the heat-exchanger may be 
arranged, instead, outside of the rotary partition plate 44 
(the cooling chamber 22 side). 

[0071] Figs. 10A and 10B are sectional views which 
show a cooling gas direction switching device in a second 
55 embodiment of the present invention, similar to Figs. 9A 
and 9B. Fig. 1 0A is a sectional view along line C-C, that 
is, a front view illustrating the rotary partition plate 44 
while Fig. 10B is a sectional view from which the rotary 
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partition wall is removed, that is, a front view illustrating 
the stationary partition plate 42. 

[0072] In this second embodiment, the cooling gas di- 
rection switching device is capable of coping with both 
vertically flowing the gas (vertical flow) and horizontally 
flowing the gas (horizontal flow). 

[0073] That is, in this example, the suction opening 
44a has a substantially quarter circle shape while the 
discharge opening 44b has a substantially quarter sector 
shape, which are arranged on opposite sides of a hori- 
zontal axis (the horizontal partition plate 22c as stated 
above) . 

[0074] In this embodiment, when the gas vertically 
flows in the cooling chamber22, the suction opening 44a 
is selectively communicated only with the lower part or 
the upper part of the cooling chamber 22 while the dis- 
charge opening 44b is selectively communicated only 
with the upper part or the lower part of the cooling cham- 
ber 22, similar to Figs. 9A and 9B. Further, as shown in 
Fig. 1 0A, the opening position is set as follows: when the 
gas horizontally flows in the cooling chamber 22, the suc- 
tion opening 44a is selectively communicated only with 
either one of both sides of the cooling chamber 22 while 
the discharge opening 44b is selectively communicated 
only with the other one of both sides of the cooling cham- 
ber 22. 

[0075] With this configuration, only by rotating the ro- 
tary partition plate along the outer surface of the station- 
ary partition plate which partitions between the cooling 
chamber and the gas cooling and circulating device, the 
directions of the gas flowing through the cooling chamber 
may be optionally changed over, vertically and horizon- 
tally. 

[0076] It is noted that the cooling gas direction switch- 
ing device may be used not only in a device in which a 
heating chamber and a cooling chamber are separated 
from each other, but also in a furnace having a single 
chamber in which both heating and cooling may be car- 
ried out. 

[0077] As stated above, the cooling gas direction 
switching device in the vacuum heating furnace accord- 
ing to the present invention can substantially prevent 
from being affected by air pressure, and accordingly may 
smoothly change over the flowing directions (gas pas- 
sages) of the cooling gas. Thus, variation in opening area 
and difference in opening area between the suction port 
and the discharge port can hardly occur so that gas cool- 
ing may be stably carried out with a simple configuration 
in which the flowing directions of the gas may be switched 
by a single drive unit, thereby it is possible to exhibit ex- 
cellent technical effects and advantage such as that a 
large opening area may be ensured and so forth. 
[0078] It is noted that explanation has been made of 
the gas cooling type vacuum heat treating furnace and 
the cooling gas direction switching device therefor ac- 
cording to the present invention in the form of several 
embodiments, it should be understood that the scope of 
the patent right included in the present invention should 



not be limited to these embodiments. That is, the scope 
of the patent right according to the present invention in- 
cludes several improvements, modifications and equiv- 
alents within the technical scope which are defined by 
5 the appending claims. 



Claims 

1 . A gas cooling type vacuum heat-treating furnace in- 
corporating a gas cooling furnace for cooling an ar- 
ticle which has been heated, with pressurized circu- 
lation gas, 

characterized in that 

the gas cooling furnace comprises a cooling gas sur- 
rounding a cooling zone where the article to be 
heat-treated is stationarily set, and defining therein 
a vertical gas passage having a constant cross-sec- 
tional area, a gas cooling and circulating device for 
cooling and circulating gas vertically flowing in the 
cooling chamber, a gas direction switching device 
for switching directions of gas vertically flowing in 
the cooling chamber, and upper and lower straight- 
eners blocking upper and lower ends of the cooling 
chamber, for causing a flowing velocity distribution 
of the gas passing therethrough to be uniform. 

2. A gas cooling type vacuum heat-treating furnace as 
set forth in claim 1, characterized in that each of 
the upper and lower straighteners comprise a uni- 
form distribution portion and a straightening portion 
which are stacked one upon another, or have both 
functions of a uniform distribution portion and a 
straightening portion, 

the uniform distribution portion has a plurality of pres- 
sure loss inducing means uniformly arranged in a 
direction orthogonal to an upward gas stream, for 
applying a flow resistance corresponding to a pres- 
sure loss coefficient of not less than 0.1 , to the up- 
ward gas stream so as to aim at uniformly distributing 
flow velocities, and 

the straightening portion has a plurality of straight- 
ening grids for straightening flowing directions of the 
upward gas stream having passed through the uni- 
form distribution portion. 

3. A gas cooling type vacuum heat-treating furnace as 
set forth in claim 1 , characterized by further com- 
prising auxiliary distribution mechanisms for guiding 
directions of gas streams flowing into the cooling 
chamber upward and downward from the gas direc- 
tion switching device. 

4. A gas cooling type vacuum heat-treating furnace as 
set forth in claim 1 , characterized in that 

the gas cooling and circulating device comprises a 
cooling fan arranged adjacent to the cooling cham- 
ber, for sucking and pressurizing the gas having 
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passed through the cooling chamber, and a heat-ex- 
changer for indirectly cooling the gas sucked in to 
the cooling fan, and 

the gas direction switching device incorporates a hol- 
low cowling surrounding the heat-exchanger, being s 
spaced therefrom, and an elevating cylinderf or mov- 
ing the cowling up and down, the cowling has a lower 
suction port which is communicated with a lower part 
of the cooling chamber at a downward position, and 
an upper suction port which is communicated with 10 
an upper part of the cooling chamber at an upward 
position. 

A cooling gas direction switching device in a gas 
cooling type vacuum heat treating furnace incorpo- is 
rating a cooling chamber surrounding a cooling zone 
in which an article to be heat-treated is stationarily 
set, and a gas cooling and circulating device for cool- 
ing and circulating gas passing through the cooling 
chamber, the heat-treating furnace being adapted to 20 
cool the heated article to be heat-treated with pres- 
surized circulation gas, 

characterized by a stationary partition plate parti- 
tioning between the cooling chamber and the gas 
cooling and circulating device, and a rotary partition 25 
plate which is rotated along an outer surface of the 
stationary partition plate, and 
characterized in that the stationary partition plate 
has an opening passing therethrough overthe entire 
surface thereof, the rotary partition plate having a 30 
suction opening and a discharge opening which are 
partly communicated with a suction port and a dis- 
charge port of the gas cooling circulation device, 
whereby directions of the gas passing through the 
cooling chamber are alternately switched. 35 

A gas direction switching device in a gas cooling type 
vacuum heat treating furnace as set forth in claim 5, 
characterized in that the cooling chamber has a 
gas passage vertically piercing therein, and an open- *o 
ing position is set in such a way that: 

when the gas flows downward in the cooling 
chamber, the suction opening is communicated 
only with a lower part of the cooling chamber 45 
while the discharge opening is communicated 
only with an upper part of the cooling chamber, 
and 

when the gas flows upward in the cooling cham- 
ber, the suction opening is communicated only so 
with the upper part of the cooling chamber while 
the discharge opening is communicated only 
with the lower part of the cooling chamber. 

A gas direction switching device in a gas cooling type ss 
vacuum heat treating furnace as set forth in claim 5, 
characterized in that an opening position is set in 
such a way that: 



when the gas vertically flows in the cooling 
chamber, the suction opening is selectively 
communicated only with a lower part or an upper 
part of the cooling chamber while the discharge 
opening is selectively communicated only with 
the upper part or the lower part of the cooling 
chamber, and 

when the gas horizontally flows in the cooling 
chamber, the suction opening is selectively 
communicated with only one of opposite sides 
of the cooling chamber while the discharge 
opening is selectively communicated with only 
the other of the opposite sides of the cooling 
chamber. 

8. A gas direction switching device in a gas cooling type 
vacuum furnace as set forth in claim 5, character- 
ized in that the gas cooling and circulating device 
comprises the a cooling fan arranged adjacent to the 
cooling chamber, for sucking and circulating the gas 
having passed through the cooling chamber, and a 
heat-exchanger for indirectly cooling the gas dis- 
charged from the cooling fan. 
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